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Abstract

Forty-two male Holstein calves were randomly assigned in a
split-plot design to four dietary treatments. The dietary
treatments consisted of a basal diet with 0.25% phosphorus
(P) and experimental dlets supplemented with canola meal
(samples A, B, C, D, E) or Biophos to provide P levels of
0.32, 0.36 and 0.40%. All diets were isocaloric; however,
added levels of canola meal increased crude protein levels.
Dietary protein level varied from 14 to 18% (DM basis).
Dietary treatments were arranged in a 3X2 factorial.
Calves were fed whole milk for four weeks plus ad libitum
calf starter. The calves were placed on test at 6 weeks of
age for a ten-week period. Feed 1intake, weight gain, feed
per kg gain, plasma inorganic P, bone ash, bone P, bone Ca
and the breaking force of the eighth and ninth ribs were
the response criteria used to measure P availability. Dry
matter consumption, weight gain and feed per kg gain were
not affected by dietary P level (p > 0.1). Supplementation
with P increased plasma P (p < 0.05). Each increase in P
level with canola meal resulted in an increase in plasma P
level (p < 0.05). The first level of supplementary Biophos
resulted in an increase 1in plasma P level (p < 0.05) with
no differences among levels of added Biophos. The breaking
force, bone ash and bone P content of the eighth and ninth
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ribs were not significantly affected by P levels (p >
0.1). Based on blood P response to an increased dietary
level of P; availability of P from canola meal was at least
equal to the inorganic P source. In situ P disappearance in
the rumen was significantly (p < 0.05) 1lower for SBM
. compared with canola meal samples B, D, and E at 12 and 16
h of rumen fermentation. From the lower gastrointestinal
tract, the in situ P disappearance was not significantly (p
> 0.05) different between SBM and CM when pépsin HC1

predigestion was used.

11



Dedication

To my husband Collins and daughters_Biola and Doyin, for

patience and understanding throughout the study.

iii



Acknowvledgements

I would like to extend my special thanks to Dr. J. R. Ingalls

for his support, advice and assistance throughout the study.

I also wish to thank Dr. G. H. Crow and Dr. Farid for their
invaluable assistance with the statlstical analysis. Thanks
and appreciation to Drxr. R. Britton from the Department of
Agricultural Engineering for assistance in conducting the
bone tests, and Drs. Clark, Devlin and Guenter, members of my

thesis committee, for reviewing the thesis.

Finally, 1 wish to thank Mrs. T. Garner, Staff at Glenlea
and graduate students who assisted in numerous ways during
the collection of the data. Last but not the least, 1 wish to
thank the staff at the nutrition 1lab for their help with

analysis of samples.

iv



TABLE OF CONTENTS

AbStract ...ccccesececettsccccccosrscscscncrcssscccscssccascs i
Dedication ...cceecceccevrseccccccocesscnsossossesscsnesss 11l
Acknowledgements .......... tereesessssecsssassasenns e iv
List of Tables ......ccceeerneenns 2 & |
List of Figures .........0000... sesssssssssscssensasescss Viii
List of Appendix Tables ....ccetceecsssoscsescsscccscssocsss ix

Introduction ® & 5 0 6 0. 0 6 0 0 0 0 4 0 8 0 06080 000580 L L O E L E LSS s

[

Literature Review ......cccictivseosncescccnsccssssssescs 3
The Absorption of Phosphorus .....ccccceecc0s000 3
Methods of determining Phosphorus Availability . 5
Dietary Phosphorus levels and Calf Performance . 11
Rumen Phytase Activity ....ccccceciececececcansns 15
Protein degradation in the rumen and the Mobile
Nylon Bag Technique ......ccccceceees cesecssasee 18

Materials and Methods ......ccceeevecccccscccccccccccnns 21
Growth Trial ...... teeeesessssesesssassssens e oo 21
Measurement of phosphorus disappearance in the
rumen and lower gastrointestinal tract ......... 24
Analytical ProceduUres ...cccseccecossccssscsanss 30
Feed Analysis ....veesveeessessssassssssssncscss 34
Statistical Analysis .....cccceceecccccrcnnscacas 34

Results and Discussion .......iceccecvevseccseccoccccsas 36
SUMMAYY ccoecsscsessscsscscssssscscscsssscnsssssssssscssos 67
Conclusions .......cccceeecnccccceccnsccnas cessesscssanas 69
Bibliography .ceccecceccncscccocascss cessssccaassscsccnns 70

Appendix Tables ® 8 8 0 060 606 8805060060000 00 00 e ¢ 0 ¢ 060 06000000800 . 81



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

List of Tables

Ingredient composition of pre-trial calf starter

diet @ 6 600 00058 0 ® 5 8 5 2 060005 4005508088000 0808008808000

Ingredient composition % of experimental diets
fed to calves from six weeks to 16 weeks of

age ® 8 5 5 8 0 08 8 8 040G 0000 TS L S0 LS GG S8 S S O L L s e s

Determined chemical analysis and calculated
energy and degradable protein levels of experi-
mental diets on a dry matter basis ....ccccvveee

Ingredient composition of the diet for steers
used 1in the rumen incubation and lower gastro-
intestinal tract digestibility studies of five
canola meal samples and SBM .....cccts000cessans

The commercial sources of canola meal and SBM
used in the rumen incubation and 1lower gastro-
intestinal tract digestibility studies .........

Effect of dletary P level on performance of male
Holstein Calves ® 0 0 ¢ 0 0 & 0 6 5 0 P OB SO0 OO H B CPeENS SN

The actual feed intake and gain of calves
averaging a body weight of 96 kg ....coeccvneces

Coefficients of variation of response criteria
used in the study I‘000l..0'0.0........!....'000.

Effect of dietary phosphorus 1level from two
sources on the concentration of calcium and
phosphorus in blood plasma ......c0... csecesssa .

Effect of dietary phosphorus on the breaking
force, bone ash, bone calcium and bone
phosphorus of the eighth and ninth ribs of male
Holstein calves ......ccevecerccrcrevccsscnconnen

Rumen, lower gastrointestinal tract, pepsin
digestion and total tract 1in situ phosphorus
disappearance (*) ® & 8 8 6 4 & 5 5 2 0 0 BB BB 4GB e 00

vi

22

23

25

26

27

37

42

46

50

59

62



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

List of Pigures

The Instron Universal Testing machine with a
a representative rib sample in testing position

The total dry matter feed
0.32% phosphorus from two

The total dry matter feed
0.36% phosphorus from two

The total dry matter feed
0.40% phosphorus from two

intake of calves fed
sources

8 6 8868 88088882

intake of calves fed
sources s & & ¢ & & 6 8 5 0 & 0
intake of calves fed
sources ...

The liveweight body
phosphorus from two

The liveweight body
phosphorus from two

The liveweight body
phosphorus from two

change of calves fed 0.32%
sources

change of calves fed 0.36%
sources

® 6 85 86 0606 8868060800800

change‘of calves fed 0.40%
sources

Average
tion of
sources

biweekly plasma inorganic P concentra-
calves fed 0.32% phosphorus from two

® 8 8 0 ¢ 0 & ¢ 5 000 8 06 08 050 0800 0 8 0080 Nsse

Average
tion of
sources

biweekly plasma inorganic P concentra-
calves fed 0.36% phosphorus from two

® 6 0 0 0 5 9 0 5 0 68 8 PSP LSS E SO 0L

biweekly plasma inorganic P concentra-
calves fed 0.40% phosphorus from two

® 6 6 8 8 5 068 8 65 0 06060 800080 H L GE SN sl

Average
tion of
sources

Average biweekly plasma calcium concentration
of calves fed 0.32% phosphorus from two sources

Average biweekly plasma calcium concentration
of calves fed 0.36% phosphorus from two sources

Average biweekly plasma calcium concentration
of calves fed 0.40% phosphorus from two sources

The phosphorus disappearance from the rumen and
lower gastrointestinal tract of canola meal
samples A, B, C, D, E and SBM (F) at 12 and 16
hour of rumen incubation ....ccceccceeecncccans

vii

32

38

39

40

43

44

45

52

53

54

56

57

58

63



Table

Table

Table

Table

Table

List of Appendix Tables

Average daily protein intake, dry matter intake
and gain for the experimental animals .........

The analysis of covariance for plasma inorganic
phosphorus concentration wusing initial blood
phosphorus levels (halftest) as the covariate .

The net energy, undegradabiblity and calcula-
tions of the undegradable and degradable
protein contents of ingredients used in the
experimental diets on an as fed basis .........

Diet calculated protein intakes, experimental
and actual daily weight gains .......cc000c0eeen

Comparison of an' in 8Situ dry matter and

phosphorus disappearance at 12 and 16 hours
of rumen incubation R R R R

viii

79

80

81

82

83



Introduction

The increasing cost of phosphorus supplements has
intensified the need for evaluation of various supplemental
phosphorus sources that can be utilized economically in
ruminant diets. Rapeseed is an important oilseed crop in
Canada (Bell 1982) and the meal from crushed rapeseed is
being used extensively as a protein supplement in dairy and
beef diets. "Canola" designates cultivars of rapeseed low
in erucic acid and glucosinolates (Bell 1982, 1984).
Rapeseed meal when used as a protein supplement contains a
relatively high 1level of phosphorus (Kirby and Nelson
1988, Nwokolo and Bragg 1980) and if available increases
the economic value of the meal.

Canola meal contains 0.78 percent phytin phosphorus
(Kirby and Nelson 1988). Although, the assumption has been
made that canola meal phosphorus is available to ruminants,
no research has been carried out on the availability to
ruminants.

Phosphorus is a major nutrient needed for adequate body
growth (Miller 1979, Underwood 1981). Using jin vitro
techniques, Chicco et al. 1965, Hall et al. 1961,
Komisarczuk et al. 1985 and Milton and Ternouth 1984
reported that 30-80 mg l_l of phosphorus in buffered

ruminallfluid was necessary for microbial metabolism.
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Phosphorus deficiency depresses growth, appetite and feed

efficilency (Call et al. 1978 and Little 1968).

The objective of this study was to evaluate the
availability of canola meal phosphorus for growing calves
in comparison with an 1inorganic phosphorus source and to
measure the in situ disappearance of phosphorus from canola

meal in the rumen and the lower gastrointestinal tract.



Review of Literature

Ihe Absorption of Phosphorus

The absorption of phosphorus occurs principally from the
upper small intestine where the pH 1is acldic (Ben-Ghedalia
et al. 1975, Grace et al. 1974, Kay and Pfeffer 1970 and
Pfeffer et al. 1970). The amount of dietary phosphorus
absorbed was proportional to the intake as long as the
calcium:phosphorus ratio was between 0.8:1 and 6:1 (Lueker
and Lofgreen'1961). Although, little is known on the actual
absorptive process (es) involved in ruminants, it has been
shown that phosphorus is absorbed as the HPOi- and HZPO4_
ions. In cattle limited absorption of phosphorus occurs in
the omasum (Banks and Smith 1984, and Smith and Edrise
1978). Smith (1984) postulated that absorption in the
omasum might be due to the large surface area. 1In
monogastrics the absorption of phosphorus in the small
intestine consists of an active process that is readily
saturable and passive absorption that tends to predominate
at high 1luminal phosphorus concentration (Harrison and
Harrision 1961). 8chneider et al. (1985) fed 0.72 or 4.5g P
kg-l dry matter to young sheep and defined absorption
using a primary and secondary compartmental modelling
technique. Using radiotracer techniques, they observed no

differences in primary absorption which suggested a



saturable mechanism.

In ruminants the kidney 1is not the major site of P
excretion. Evidence suggests that the salivary glands play
a role in P homeostasis. Clark et al. (1973) infused 3.38g
of K, PO, intravenously into sheep fed a roughage diet and
at the same ltlme introduced Cr-EDTA as an unabsorbable
marker into the rumen to give an estimate of endogenous P
secreted into the gastrointestinal tract. They observed a
small increase in urinary P excretion compared with a large
increase in fecal P, 12h after the infusion. This suggested
that the additional P excreted in faeces entered the
gastrointestinal tract. Schneider et al. (1982) measured P
absorption in mature sheep fed a roughage dlet uging tracer
techniques and a four compartmental modelling technique.
Cr-EDTA was introduced into the abomasum to measure
endogenous P éecretion. The intravenous infusion of 1.5-
2.0g day“l of NaH,PO, resulted in a marked increase in the
excretion of P in faeces. They suggested that the observed
increase in total éndogenous secretion of P resulted in
the additional P being excreted in faeces.

Tomas and Somers (1974) reported increased urine levels
and lower fecal P levels following parotid gland ligation
which seemed to suggest that the salivary glands are
involved in determination of £fecal P excretion. Tomas
(1974) fed sheep finely grdund diets and reported a highex

level of P in the urine compared to those fed a coarsely
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ground diet. Thus the physical nature of the diet is
important, since finely gzround, pelleted or highly
digestible diets reduce salivary flow rate of P (Putnam et
al. 1966 and Wilson and Tribe 1963). Recently, 8cott and

Buchan (1987) reported decreased salivary flow rate in

sheep fed 1 kg day"l

of a pelleted grass diet in
comparison with a coarsely ground hay. These differences in
flow rate accounted for the higher urinary excretion of P
with the grass diet.

Matsui et al. (1984) recently reported increased
salivary secretion of P in thyroidectomized sheep infused
with calcitonin at a physiological dose rate. Although,
parathyroid hormone and 1, 25 dihydroxyvitamin D3 have been
shown to increase P absorption in the gut (Braithwaite
1978, 1980) the exact mechanism by which this is mediated
remains unclear.

Coppock et al. (1972) and Preston and Pfander (1964)
found plasma inorganic P Qas directly correlated with P
level in the diet. Low blood inorganic P levels may lead to
disturbances in intracellular metabolism which may

consequently effect a reduction in food intake (Milton and

Ternouth 1985).

Methods of Determining Phosphorus Avajlability
Various methods have been reported for determining the

availability of dietary minerals. Radioisotopes dilution
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techniques give the relative absorption of minerals from
the total digestive tract. Lofgreen (1960) used an isotope
dilution technique which involved a subcutaneous injection
of sz given to mature wethers at a constant feed intake of

about 800g P day ~+

with blood and feaces being collected
after a lag time of seven days so that the decline in
radioactivity would be 1linear throughout the collection
period. The specific activity of blood was assigned a value
of 100 so that the more closely the fecal radioactivity
approached that of blood, the greater was the propdrtion of
dietary P absorbed. With this method no differences were
observed in the percentage of P absorbed £from dicalcium
phosphate or bonemeal. Chicco et al. (1965) also measured
absorption in lambs fed a constant daily intake of 700g

32 Qlth urine and faeces being

using a single oral dose of P
collected daily and blood periodically. The absorption and
retention of P ranked calcium ortho-, sodium meta-, sodium
pyro-, calcium meta-, and calcium pyrophosphates
respectively. No differences in deposition of P into bone
.and soft tissue were observed. The low retention of P from
calcium pyrophosphate was also reported by Ammerman et al.
(1957) in a study with lambs. Witt and Owens (1983)
suggested that jin vitro P solubility in abomasal fluid may
be more indicative as a measure of P availability than

solubility in a ruminal buffer, since solubilities in

abomasal fluid were higher than in ruminal £fluid.
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Growth trials utilize a basal diet containing a low
level of P supplemented with graded levels of the P source
being tested. Hodgson et al. (1948) utilized a growth trial
with fattening steers where a control basal diet containing
0.12% P was supplemented with either steamed bone meal or
defluorinated super-phosphate to provide dietary levels of
up to 0.18% P. They reported no differences in intake and
gain between the two P sources. Long et al. (1956) 1in a
study with heifers had a depletion period before the
animals were assigned to a basal diet of 0.09% P
supplemented to 0.14% P with either dicalcium phosphate or
soft phosphate with colloidal clay. The animals fed
dicalcium phosphate gained significantly more weight and
had higher plasma inorganic P levels as well as percentage
of bone ash. Although, soft phosphate contained a
relatively high percentage of P it was not well utilized.
The authors suggested it may have been due to the high‘
fluoride content (65 ppm). Pope et al. (1958) 1in a study
with steers supplemented a basal diet of 0.2% P with
monosodium phosphate at a constant Ca:P ratio to provide
levels of 0.3 and 0.4% P. No differences in intake and gain
were observed which led to the suggestion that a dietary
level of 0.2% P was adequate for yearling steers. A similar
recommendation of 0.22% P was proposed by Wise et al.
(1958). However, 1in a later study the supplemented P level

was below the recommended level. WIQe et al. (1961) in a
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six-week study with Holstein calves, in which a basal diet
of 0.11% P was supplemented to 0.19% P by the addition of
either dicalcium phosphate, defluorinated phosphate,
Curacao Island phosphate or soft phosphate with colloidal
clay, reported no significant differences in welght gain,
intake, feed per kg gain, rib ash or rib P content.
However; in a subsequent study, when the basal diet was
0.085% P and the experimental period was extended to 14
weeks, calves supplemented with dicalcium phosphate,
defluorinated phosphate or Curacao Island phosphate gained
significantly more welght than those fed soft phosphate.
Feed consumption, ash and ash P content of the ninth rib
followed a similar pattern. Although, Athe longer
experimental period appeared to allow significant treatment
differences to be manifested, only males were used in the
first experiment and females in the second experiment, so
it is possible that sex differences may also have
contributed to the differences 1in results. Throughout the
literature, it therefore appears that no differences exist
in avallability of P from bone meal, defluorinated
phosphate or dicalcium phosphate.

Balance data are based on total P intake less faecal
plus urinary P excreted so that in . a balance trial an
overall estimate of net retention is given. Ammerman et
al. (1957) using the balance technique found no significant

differences in P retention from dicalcium phosphate and
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defluorinated phosphafe for yearling steers supplemented at
a dailly intake P of about 8g with a Ca:P ratio of 1.5:1.
Similarly, Arrington et al. (1962), in a study with dairy
calves partially depleted of P by £feeding a 0.05% P basal
diet, observed that supplementation with an inorganic
phosphate to provide 0.16% dietary P revealed no
significant differences in apparent digestibility of P from
dicalcium phosphate and defluorinated phosphate.

Bone breaking strength as a response criteria has been
utilized by nutritionists to evaluate the biocavailability
of dietéry minerals. The majority of studies on the
influence of dietary calcium and P on bone strength have
been conducted with swine due to the high incidence of leg
weaknesses, particularly among breeding stock. The
technology has been used to a 1limited extent with calves.
One of the most commonly used test of the mechanical
properties of bones is the flexure (bending) test (Crenshaw
et al. 198la and Simkin and Robin 1973). The lack of
standardized test procedures however has resulted in a
great deal of variation 1in reported values for bone
strength (Crenshaw et al. 1981).

Lott et al. (1980) reported no significant differences
in bone breaking strength of fresh or frozen tiblia bones
from 4 week o0l1ld broiler chicks. Sedlin (1965) also
reported that freezing did not alter the mechanical

properties of bone. Sedlin and Hirsch (1966) however,
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observed that 1l0-minute exposure of bones to air resulted
in increased bone strength. Similarly, Miller et al. (1965)
also reported Iincreased bone strength of 5 to 6 week old
pig femur dried at 25°C for 24 hours. However, wet bones
are usually preferable since they more accurately reflect
the state in which the bones exist in the animal.

Bayley et al. (1975) and Libal et al. (1969) using corn
soybean meal based diets supplemented up to 0.6% P with a
constant'calcium level, observed no significant increase in
the force required to break.the femur and metatarsal bones
of growing £finishing swine. 8Similarly, Grandhi et al.
(1986) observed no significant increase in breaking force,
bending moment, ultimate stress and elastic modulus of
femur and metacarpal bones of gilts fed 150% of NRC Ca-P
levels during the finishing period; although, percent bone
ash and calcium were increased which suggested that higher
mineralization had occured. Nimmo et al. (1981) however;
. observed a significant increase in the breaking force of
bone from gilts fed similar Ca-P levels th:oughdut the
entire growing £finishing period. 1It appeared therefore
that levels of dietary Ca-P fed from weaning through to the
finishing phase allowed for significant treatment
differences. No significant differences 1in ultimate stress
or elastic modulus were reported. Crenshaw et al. (1981 b)
conducted a trial with boars, gilts and barrows fed diets

containing eithexr 0.4% or 0.8% Ca and P. Mechanical tests



11
were conducted on femur, humerus, metacarpal, metatarsal
and third rib bones. When data was pooled across bone and
sex; significantly higher bending moment, ultimate stress,
modulus of elasticity and percent bone ash were observed
for the higher P 1level. The higher modulus of elasticity
indicated that the bone was more rigid and increased
mineralization had occurred as confirmed by the higher
percentage of bone ash. Brennan and Aherne (1986) also
reported significantly higher metacarpal bending moment,
and percent bone ash of the femur of boars and gilts fed
NAS-NRC (1979) or ARC (1981) recommended Ca-P levels
designated low and moderate respectively. Feeding 30% more
of the moderate diet éignificantly increased bone ash but

not bending moment.

Dietary Phosphorus levels and Calf Performance
Johnson and McClure (1967) used weanling steers
previously depleted of P after which either ammonium
- polyphosphate or dicalcium phosphaté were fed at a rate of
454g animal-l day -lfor a 12 week period. No significant
differences in feed intake, gain or £feed per kg gain were
observed between supplements. Although, the form of P in
ammonium polyphosphate was mentioned as being the non-ortho
form, no confirmation was made as to whether it was meta ox
pyro forms of phosphorus. However, studles with calcium and

sodium metaphosphates have demonstrated that these forms
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are well-utilized by .ruminants (Chicco et al. 1965).
Calcium pyrophosphates on the other hand are poorly
utilizeq, possibly due to 1low solubility and absorption
(Ammerman et al. 1957). More recently, Teh et al. (1982)
depleted dairy calves for two weeks with a 0.16% P diet and
then supplemented the'diet with 0.24 or 0.31% P by the
addition of elther dicalcium phosphate or urea ammonium
polyphosphate. Even though increasing dietary P £from 0.24
t6 0.31% significantly increased feed intake, weight gain,
plasma inorganic P, breaking strength of £femur and rib
bones and the ash content of the tenth rxrib, no significant
differences between dicalcium phosphate or urea ammonium
polyphosphate were observed. Thus urea ammonium
polyphosphate could be utilized effectively in ruminant
diets as a P source as well as a non-protein nitrogen
supplement.

Webb et al. (1975) éarried out a growth trial with
weanling steer calves fed about 0.1% P with or without an
1n1£1a1 depletion period. The diets were supplemented to
about 0.2% with elither defluorinéted phosphate or a
chemical mixture of 87% monophosphate and 13% dicalcium
phosphate. Average daily gain, feed intake and serum
inorganic phosphorus levels were significantly lower for
animals not supplemented with P. No significant differences
in weight gain, feed intake or feed per kg gain were

observed between the two sources of phosphorus, suggesting
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that both were equally available for the ruminant. Langer
et al. (1985) also observed no significant differences in
average dally gain and feed intake of dairy calves
supplemented with monoammonium phosphate or dicalcium
phosphate. When no supplement was added, £feed intake and
average dally gains were significantly lower. In a more
recent study, Miller et al. (1987) reported no difference
in weight gain, feed intake, ‘feed efficiency, serum
inorganic P or bone ash of Holstein calves supplemented
with defluorinated phosphate or dicalcium phosphate for
diets containing 0.14, 0.20 and 0.32% P. However, the
researchers did suggest that the P requirement of young
growing dairy calves may need to be revised based on the
fact that growth rate, feed consumption, blood inorganic P
levels and bone ash tended to increase linearly with
increasing dietary P. Teh et al. (1982) also guestioned the
adequacy of the 0.26%‘P level for growing heifers and bulls
gset by NRC (1978). This was based on the observation that
calves fed 0.31% P gained an average of 0.84 kg day_l as
opposed to 0.62 kg day-l with 0.24% P. Bone ash content
was also significantly higher with the 0.31% P which seemed
to suggest that this class of animals may have a higher P
requirement.

Miller et al. (1987) wused a control diet (0.08% P)
supplemented to provide 0.14, 0.2 and 0.32% P while Teh et
al. (1982) supplemented a 0.16% P basal diet to provide
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0.24 and 0.31% P. Both observed increased feed intake,
gain, blood inoxrganic P, bone ash and breaking force of the
eighth and ninth ribs. Langer et al. (1985) also observed
that increasing the P level from 0.24 to 0.34%
significantly increased feed intake, average daily gain,
and plasma inoxganic P 1levels. However, at a dietary P
level of 0.36% intake and average daily gain were not
significantly different from the control. 'Jacksonv et al.
(1988) in a study with Holsteln calves, increased dlietary P
from 0.26 to 0.34% apd observed increased feed intake,

average dally gain, bending moment, percentage ash and ash

content (P<0.05). Plasma inorganic P 1level 1increased

significantly as dietary P level was increased from 0.26 to
0.41%. Wise et al. (1958) conducted a study with dairy
calves depleted of P by a basal diet of 0.09% P which was
then supplemented to provide 0.12, 0.18 and 0.30% P.
Increased feed 1intake, gain, percentage of ash in the rib
and improved feed efficiency were observed. Based on these
results, a second trial was initlated where the dletarg P
level was increased to 0.14, 0.22, 0.30 and 0.38%.
Increased feed intake, weight gain, ash in rib and improved
feed per kg gain were observed up to a dietary P level of
0.30%. These findings are consistenf with the study by
Langer et al. (1985) and also point to the fact that the
minimum P requirement for dalry calves needs to be revised.

The NRC (1978) P requirement for growing dairy heifers and
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bulls was 0.26% P and has now been revised to 0.31% P
(NRC, 1988).
Rumen Phytase Activity

Studies by Raun et al. (1956) using an artificial rumen
techniéue, whereby a washed suspension of rumen
microorganisms initially depleted of P was incubated at
39°C for 24-72 h with 1-32 mg of calcium phytate per 20 ml
of medium, were able to show that rumen micioorganisms
possess the enzyme phytase and thus have the ability to
degrade phytate. The amount. of inorganic P released from
calcium phytate increased from 0.27 mg per 20 ml of medium
to 1.58 mg per 20 ml of medium with the higher levels of
calcium phytate. The increase in inorganic P after
incubation represented phytate P hydrolysed by the phytase
produced by the micrborganisms. The enzyme phytase however
has also been reported to be present in canola seeds (Kim
and Eskin 1987). The enzyme has been reported in soybeans,
wheat, corn seeds and fababeans (Chang 1967, Latta et al.
1980, Sartirana et al. 1967 and 8Singh et al. 1979). The
hydrolysis of phytate is catalyzed by the enzyme phytase
(myoinositol hexaphosphate phosphohydrolase E.C. 3.1 3.8)
to inositol and free 1inorganic phosphate. Eskin and Wiebe
(1983) reported an average reduction in percent phytate
content of 75% with increased wheat phytase activity
measured as‘)z g Pi/mg enzyme / 30 minutes.
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Canola Meal in Ruminant Diets
Clark and Bezeau, cited in Whiting (1965) reported that
the inclusion of 6% rapeseed meal (RSM) in place of linseed
meal in the diet of young Holstein calves had no effect on
feed intake or growth rate. 1Ingalls ahd Seale (1971)
substituted RSM for soybean meal (SBM) at levels of 6.8 and
13.7% in barley-based calf diets offered free choice. No
significant differences in feed intake, weight gain or feed
efficiency were reported. The inclusion of either 14% SBM
or 20% RSM in diets fed to Holstein calves from 8 to 22
weeks of age resulted in no significant differences in feed
intake, weight gain or feed efficiency (Sharma and Ingalls
1973). Stake et al. (1972) in a study with Holstein calves
from birth to 8 weeks of age, fed isonitrogenous calf
starter diets contalning RSM, SBM or sunflower meal. When
RSM made up 26% of the diet, dry matter consumption was
significantly lower than for SBM or sunflower meal. No
significant differences in average dally gain or feed
efficiency were observed from birth to 14 weeks. Ingalls
and Waldern (1972) reported that a diet containing 30% RSM
reduced weight §a1n when compared to 20% RSM in the diet.
When a diet containing 24% RSM was offered free choice to
Holstein calves from birth to 12 weeks of age,
significantly 1lower feed intake, weight gain and feed
efficiency were observed than, for calves fed a SBM diet

(Schingoethe et al. 1974). Wwhen a 1low glucosinolate
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cultivar (c.v. Bronowski) was fed at a dietary level of 20%
no significant differences 1in weight gain or feed
efficiency for SBM and the 1low glucosinolate RSM were
observed.

The limited use of RSM in calf diets has been primarily
due to unpalatability and goltrogens present in the seed.
The reduction 1in the glucosinolate 1level 1in the seed
through breeding has resulted in higher dietary level
incorporation of canola meal (CM) in calf diets.

In a study by Burton (1983) calves were fed milk
replacer in which 15% of the milk protein was replaced with
canola or soybean protein. Calves fed canola protein had
significantly higher average daily gain and improved feed
efficiency, although this wasn't signiflcanf. Sharma et al.
(1980) conducted a digestibility study with 18-20 week old
bull calves in which 50% of a corn-oat based basal diet was
mixed with an equal amount of SBM or canola meal. The diets
Qere offered free choice and they observed significantly
higher apparent dry matter and crude protein digestibility
with the SBM than with the canola meal. This may have been
due to the rapeseed hulls that are less digestible than SBM
hulls (Kendall 1988, Rae and Smithard 1985). Claypool et
al. (1985) compared CM with 8BM and cottonseed meal (CSM)
in barley-corn based calf starter diets offered free choice
during a preweaning period and fed at 2.27 kg per head
daily at the post-weaning period. They reported no
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significant differences in average daily gain, starter or
milk consumption or packed blood cell volumes. In a study
with dairy calves Tower CM was partially or completely
substituted for SBM at dietary levels of 8.3 and 17.2%
respectively in lsonitrogenous éalf starter diets offered
free choice to 12 weeks of age (Wheeler et al. 1980). No
significant differences 1in feed intake or average daily
gain among diets were reported. Similarly, CM has been used
successfully in beef steer diets (Bush et al. 1978).

Milk production and milk composition of cows in early
lactation fed CM at levels up to 25% in the diet were not
significantly different from those fed SBM (Brockman et al.
1983, Laarveld and Christensen 1976, Laarveld et al. 1981,
Papas et al. 1978, Sanchez and Claypool 1983 and Sharma et
al. 1977). A trend towards higher milk production in cows
fed CM has been reported (Laarveld and Christensen 1976,
Papas et al. 1978 and Sanchez and Claypool 1983). However,
Fisher and Walsh (1976) reported a decline in milk
production when CM was incorporated into the diet at a
level more than 11%. This may havé been due to the high

level of o0il in the sample of meal used.

WMMWMW;LMMQ
Iechnigue

Nylon bags incubated in the rumen for varying lengths of
time (Balley and Hironaka 1970, Barrio et al. 1986,
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Crawford et al. 1978, Mathers et al. 1977, Mehrez and
Orskov 1977, Mohammed and 8Smith 1977 and Orskov and
McDonald 1979) have been used to give rapid estimates of
protein degradation in the rumen. Nocek (1985) feeding a
50:50 rhoughage: concentrate total mixed diet reported that
dry matter disappearance £from SBM using polyester bags
compared well with in vivo estimates when pore sizes of 40
- 120 u m were used.

Weakley et al. (1983) reported 1lower dry matterx
disappearance from dacron bags with a pore size of S)u m
compared with that from 52‘u m bags. Deacon et al. (1988)
fed cannulated cows a total mixed diet of a 50:50
rhoughage: concentrate ratio using nylon bags having a pore
slze of 48}u m they reported no difference in dry matter
disappearance for untreated CM and extruded CM. Nocek
(1988) recently recommended that bag porosity of 40 - Sme
was adequate in minimising influx into and efflux £from the
bags. The fineness of grind of the feed samples will also
affect disappearance of soluble dry matter. Nocek (1985)
reported no effect on dry matter digestion constants for
samples ground to pass through a 1, 2 and 5mm screen. As
samples welght: surface area ratio increased (2.5, 12.6,
25.3 and 37.9 mg/cm2 ) the disappearance of dry matterx
decreased for SBM.

Sauer et al. (1983) developed a modified nylon bag

technique for pigs whereby samples after pre-digestion with
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pepsin~HCl were then inserted into the small intestine via
a duodenal cannula. Kirkpatrick and Kennelly (1984)
attempted to modify the technique for use by ruminants by
placing nylon bags previously incubated in the rumen for 15
hours, in pepsin-HCl for 3 h and then inserting them into
the small intestine via duodenal cannulae. They obtained.
mean crude protein digestibility of 68.9% with the modified
nylon bag as compared to 74.5% with the conventional fecal
collection studies, for diets varying 1in crude protein
levels from 16% to 19%. Mean dry matter digestibility was
50.3 for the nylon bag technique and 66% for the
conventional method. Kendall (1988) reported dry matter and
protein digestibility of 38.1 and 68% respectively at 16 h
of rumen fermentation for canola meal. For SBM dry matter
and protein digestibility was 77.3 and 88.4% respectively.
Although, there may be limitations, use of the mobile nylon
bag technigue to study nutrient disappearance in the lower

Gl tract appears promising.
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Materials and Methods

Growth Trial
Forty-two Holstein bull calves were placed in individual
pens bedded with shavings and were fed whole milk for 4
weeks. The calves were fed 2 kg of milk twice per day
through 4 weeks of age and then 2 kg of milk once per day
supplemented with a general calf starter diet (Table 1) fed
free cholce until 5 weeks of age..At five weeks of age all
calves received a 50:50 mixture of general calf starter and
experimental diets assigned at random and fed ad libitum.
All calves received 1 ml of an intramuscular injection of
Poten A.D.E.l (containing Vitamin A, 500,000 I.U.; Vitamin
D3, 75,000 1I.U.; Vitamin E 50 I.U. in 100 ml) at 4 weeks.
The seven dletary treatments (Table 2) starting at 6 weeks
of age consisted of the basal diet (0.25% P) as the control
and the control diet supplemented with phosphorus (by
replacing corn starch) £from canola meal ox inorganic
phosphorus to provide levels of 0.32, 0.36 and 0.40% P.
Additional fat was added to the canola meal diets to result
in isocaloric diets. The calves were individually fed their
respective diets ad 1libitum in pellet form for 10 weeks
with the amount of feed offered being recorded dally and
weigh backs taken on day 7 of each week. Water was
ﬁvailable free choice. The calves were weighed at the start

of the experiment and then every 2 weeks thereafter. 8ix

1 Rogar/STB Inc. London, Ontario N6A 4Cé6.
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TABLE 1. Ingredient composition of pre-trial calf starter diet.

Ingredients . Composition

(% as fed)
Hay, ground 16.0
Barley, rolled coarse 49.0
Oats, rolled coarse 15.8
Canola meal 9.7
Molasses 3.0
Tallow 3.0
Biophosl 21% P 16.5% Ca 1.5
Urea 45% N ' 0.8
Mineral mix? : 0.8
Vitamin mix3 _ 0.4
100.0

1 Approximately 2/3 monocalcium phosphate and 1/3 dicalcium
phosphate. Pitman-Moore 421 East Hawley St., Mundelein, Illinois
60060.

2 contributed the following per kg of diet: Cu, 8.8 mg; Se, 0.17
mg; 2n, 32 mg; Mn, 27.2 mg; Mg, 432 mg; K, 984 mg; Na, 984 mg.

3 vitamin mix contributed the following per kg of diet: Vitamin
A, 7000 I.U.; Vitamin D3 I.U.; Vitamin E, 120 I.U.



TABLE 2.

Ingredient composition % of experimental diets fed to calves from six weeks to 16 weeks of age.

Dietary Treatments

0.25% P 0.32% P 0,36% P 0.40% P

Control Canola Biophos Canola Biophos Canola Biophos
Alfalfa dehydrated pellets 17% CP 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Beet pulp 23.0 23.0 23.0 23.0 23.0 23.0 23.0
Brewers dried grain 28% CP 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Corn Starch 30.6 26.0 30.0 21.0 30.4 15.0 30.2
Corn (ground) 15.7 15.7 15.7 15.7 15.7 15.7 15.7
Fat (tallow) - 0.6 - 0.6 - 1.71 -
Molasses cane dried 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Soybean meal 49% CP 11.7 11.7 11.7 11.7 11.7 11.7 11.7
Urea 45% N 0.44 - 0.44 - 0.44 - 0.44
CaCO3 Limestone 38% Ca 0.82 0.66 0.71 0.67 0.60 0.57 0.47
Biophos 25% P 16.5% Ca - - 0.26 - 0.53 - 0.81
Canola meal - 5.0 - 10.0 - 15.0 -
Trace mineral saltl 0.5 0.5 0.5 0.5 0.5 0.5 0.5

100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 contributed the following per kg of diet: Cu, 5.5mg; Se, 0.l1lmg; Zn, 20mg; Mg, 2.7 X 105 mg Ma,

5

1.14 x 10” mg.

€C
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representative samples of each diet were collected using a
grain sampling probe, twice throughout the experiment,
composited and then ground in a Wiley mill with a 1.0 mm
mesh screen before analysis (Table 3).

Blood samples were taken from the Jjugular vein of each
calf at the start of the experiment énd every 2 weeks
thergafter. 10 ml samples were collected and placed in two
5 cc vacutainers (Becton Dickinson, U.S.A.) and put on ice
until centrifuged. At the end of the 70-day treatment
period, calves were shipped to a local abbatoir where they
were slaughtered and the eighth and ninth rib bones removed
and placed in a cooler until shipment back to the
University. The bone samples were then cleaned of adhering
tissue and placed in individual plastic bags and frozen at

-20°% until further analysis.

Two rumen cannulated Holstein steers were fed ad lilbitum

a diet formulated to meet the energy and protein
requirements of high producing dairy cows (Table 4) to
provide 19% crude protein and 14% crude fibre. The feed
samples consisted of soybean meal from a processor in
Altona, Manitoba as the‘ reference standard and five

different commercial samples of canola meal (Table 5).



TABLE 3. Determined chemical analysis and calculated energy and degradable
protein levels of experimental diets on a dry matter basis.

Item

Dietary Treatment

Dry matter, %
Crude protein, %
Crude fat, %
NDF, %

ADF, %
Phosphorus, %
Calcium, %
Magnesium, %
Ash, %

Copper, ppm
Zinc, ppm

Iron, ppm
Manganese, ppm
NEm, M cal/kg DM
NEg, M cal/kg DM

Undegradable intake protein (%)

0.32% P ____0.36% P 0.40% P
Control Canola Biophos Canola Biophos Canola Biophos
92.3 91.9 92.4 93.2 92.7 93.6 93.0
14.3 15.8 14.1 16 .7 14.7 17.9 15.1
1.4 1.2 1.3 2.1 1.1 3.2 1.3
22.9 21.8 21,2 20.8 20.9 22.7 19.1
9.5 11.5 11.0 11.1 10.0 12.7 9.6
0.25 0.32 0.32 0.36 0.36 0.40 0.40
0.61 0.59 0.62 0.73 0.61 0.60 0.63
0.15 0.20 0.17 0.22 0.19 0.25 0.15
6.5 6.6 7.1 7.0 7.3 7.9 6.7
131 12.2 11.8 16.0 11.0 11.3 11.1
49.3 46 .6 53.5 53.0 52.7 61.6 42.9
444.8 389.2 391.1 384 .4 538.0 349.6 511.0
39.2 371 41.7 47 .2 50.7 44.7 39.7
1.96 1.92 1.95 1.89 1.95 1.89 1.94
1.31 1.34 1.30 1.29 1.31 1.31 1.30
5.9 6.6 5.7 6.3 6.0 6.6 6.1

S¢




26

TABLE 4. 1Ingredient composition of the diet for steers used
in the rumen incubation and lower gastrointestinal
tract digestibility studies of five canola meal
samples and soybean meal. :

Ingredient Run 1 (16h) | Run 2 (12h)
Alfalfa hay 36 -
Brome hay - 35.2
Canola meal 11.4 20.8
Barley 51.7 ' 43.1
Urea 0.25 0.25
Biophos 0.32 -
CaCo3 - 0.29
Trace mineralizedl 0.35 | 0.38
salt

1

The salt-trace mineral premix provided per kg diet:
copper, 6.6 mg; zinc, 24.1 manganese, 20.4 mg;

selenium, 0.5 mg; magnesium, 327.6 mg; vitamin A, 5250 IU;
vitamin D, 450 IU; vitamin E, 6 IU.
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TABLE 5. The commercial sources of canola meal and SBM used

in the rumen incubation and lower gastrointestinal
tract digestibility studies.

A.

" B.

D.

E.

CSP Foods canola meal (CSP-CM) (38.05% CP, 1.04% P).

NARP Processors canola meal (NARP-CM) (Northern

Alberta Food Products canola meal (ALB-CM) (38.34% CP,
1012% P) .

Canbro Foods canola meal (CF-CM) (39.8% CP, 1.12% P).

United Oilseeds Products canola meal (UOP-CM) (37.66%
CP, 1.04% P).

CSP Foods soybean meal (SBM) (45.71% CP, 0.75% P).
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Nylon cloth2 with a mean pore size of Sme was used for
the in situ bag preparation. The bags were 3.5 X 5.5 cm in
size. Approximately 0.5000 + 0.0001g of fegd sample as
recieved from the processor was introduced into each bag.
The bags were mixed randomly and placed in the legs of an
0ld pair of panty hose using marbles as weights. About 2lcm
of rope (enough line for free movement) was tied to the
panty hose, placed in the rumen, secured and the samples
incubated. Four samples of each feedstuff were incubated in
the rumen for 12h and 16h. The 12 and 16h incubations took
place on different days. Four blank bags containing a
known weight of nylon cloth were used to correct for efflux
or influx into the bag. After removal from the rumen, bags
were washed with tap water until the rinse fluid was clear.
The bags were then drained, oven dried at 60°C for 48h,
cooled in a dessicator and weighed. Two bags for the rumen
results were separated out and P determined as described
above. P loss during rumen incubation was calculated by
subtracting the corrected gms of P left after incubation

from the gms of P present before incubation in the rumen.

Total P loss from the rumen = (feed sample weight X %P)-
{(rumen incubated sample weight X SP) - (Blank sample
weight X %P)]). The average value for the gms of P for the
blanks was 0.0003 gms or 1.6% of the remaining P. The bags

2 Felco industries, Concord, Ontario, Canada. L4K 2H3.
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from the 12h rumen incubation were placed in 0.01N HCl;
pepsinvlgl_l and incubated at 39°Cc for 3h to simulate
digestion in the abomasum. The 16h samples did not go
through the pepsin-HCl digestion. Two bags from each rumen
incubation for each sample were inserted into the small
intestine via a duodenal cannula. Bags £for incubation in
the small intestine were placed on ice (about 400) and
inserted into duodenal canulae at the rate of 2 bags h—l
animal-l, and retrieved in Vthe faeces 16-20h later. The
faeces were gently hosed through a sieve box and the bags
recovered. The nylon bags were then dried with paper
towels, oven dried at 60°C for 48h, cooled in a
dessicator, weighed and then analyzed for P according to
the procedure of A.0.A.C. (1984) method no. 7.123. The
total P loss from the lower tract was calculated by
subtracting the corrected gms of P left in faeces from the
corrected gms of P left after rumen incubation. The P 1oét
during pepsin HCl digestion was calculated by subtracting
the corrected gms of P left after pepsin-HCl from the

corrected gms of P left in the rumen after incubation.

Total P loss from the lower tract =

[ (rumen sample weight X \P) - (rumen blank sample weight X
blank %P)) -~

" {(faecal sample weight XAP) -(faecal blank sample weight X
faecal blank %P)]
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The average value for the gms of P for the faecal blanks
was 0.0004 gms for 16h rumen incubation and 0.00006 gms for
12h rumen incubation followed by pepsin HCl digestion. The
apparent P digestibility was calculated as:
(gms of P present before rumen incubation - corrected gms

of P left in faeces)

(gms of P present before rumen incubation)

Analytical Procedures

- Feed samples.were dry ashed in a "Cold ashing oven" at
550°C for 12 hours. The resulting ash was diluted with a
mixture of 5N Hcl and 1% nitric acid (v/v) and analyzed in
the presence of 5% Lanthanum reagent for Ca, Mg, Fe, Zn, Cu
and Mn by spectrophotometry (aa/ae spectrophotometer Model
551 Instrumentation Laboratory, Inc.) and for phosphorus by
colorimetry (A.0.A.C., 1984 method no. 7.123).

The rib samples were thawed to room temperature in
sealed plastic bags before being subjected to the flexure
test using an Instron Universal Testing Hachine.3'The
machine was set up to have an up velocity of 600mm min'l
and a down velocity of 5mm min—l. The force in Newtons'was
set in low range (0-1000 N) with the deflection being read

in mm. The specified delay time between measurements was 1

second. The rib was tested using a flexure test (bending

3 Model ET 1100 RS2, John Chatillon & Sons, New York,
N.Y., U.S.A.
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tgst) at a support distance of 100mm (Figure 1). The force
was applied at the midshaft at a constant speed of S5mm
ﬁin-l. A special chisel adaptor head constructed by the
University of Manitoba Engineering Department was forced
upon the centre of the rib. The force required to break the
rib resistance increased, peaked and then decreased and was
automatically recorded on a Tandy 1000 computer. The
program used was a Bios ROM version 01.01.00 Copyright
1984, 1985 Tandy Corp. and Phoenlx Compatibility Corp. The
Tandy Version 02.11.22 Microsoft MS-DOS Version 2.11 was
loaded by typing in Basica a test/c: 9000 command. The test
was stopped when the force peaked and then started to
decline, thus indicating that the ultimate breaking force
had been reached. Measurements were made at the point of
loading (midshaft) to determine the outside rib diameter
and thickness. At the end of the mechanical tests, 3cm
cross-sections were taken from the rib at the point of
applied force for determination of bone ash, calcium and
phosphorus. The bone samples were dried in a forced air
oven at 7090 for 5 days after which they were broken, then
extracted in a Soxlet apparatus with anhydrous ethyl ether
for 5h for removal of 1lipid, redried and ashed in a cold
ashing oven at 550qb for 12 hours. The ash was placed in 25
X 150mm Borosilicate culture tubes and 20ml of a mixture of
5N HC1 in 1% HNO,- (v/v) were added. The samples were

allowed to degas for five minutes after which they were



Figure 1:

The Instron Universal Testing machine with a
representative rib sample in testing position.
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capped tightly. The tubes were then placed iIn an ultrasonic
water bath at 65°C for 60 minutes. After cooling the tubes
were mixed by inversion four times and allowed to stand
overnight. Calcium was determined by atohic absorption
spectrophotometry on an aa/ae Spectrophotometer Model 551
Instrumentation Laboratory Inc. by the procedure of
Thompson and Blanchflower (1971). Phosphorus determination
~was by colorimetry with a Bausch and Lamb Spectronic 20
(Fisher Scientific Ltd.) as described by the Association of
Official Analytical Chemists (AOAC) (1984 method no.
7.123).

Blood samples were centrifuged at 2000 r.p.m. for 20
minutes in an Adam# Dynac centrifuge (TM Clay - Adams,
Inc.). The plasma layer was withdrawn using a pipette and
stored frozen (-20°C) in 5ml borosilicate glass vials
until ready for analysis. All the glassware that was used
for analysis was washed and rinsed three times in distilled
deionized water. It was then soaked overnight in 10% HN03
(v/v) rinsed six times with distilled water and oven dried
at 60°.

After wet digestion using a mixture of 4 parts nitric
acid and 1 part perchloric acid (Thompson and Blanchflower,
1971) blood samples were diluted with 5% HCl and analyzed
for calcium by atomic absorption spectrophotometry and for

phosphorus as described above.
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Feed Analysis

The crude protein content of feed samples was determined
according to the method number 7.015 of the Association of
Official Analytical Chemists (A.0.A.C., 1984). Neutral
detergent fiber of the feed samples was determined
according to the procedure of Goering and Van Soest (1970).
Acid detergent fibfe of feed samples was determined
according to A.0.A.C., (1984) method no. 7.074. Crude fat
content of the feed samples was determined by weighing 2 gm
of previously dried sample 1into a Goldfisch extraction
apparatus (A.0.A.C. 1984, method no. 7.060). The lipids
were extracted with anhydrous ethyl ether £for 4h in a
Soxlet apparatus. The percentage fat oh dry mattef basis
was calculated as:

Weight of fat in beaker

dxy weight of sample

The equipment used for the feed analysis were from Labcanco
corporation.4
Statistical Analysis

Statistical analysis of the data was based on a split
plot design where repeated observations were made of
animals in two periods of growth. The experimental
treatments used two sources of P, each at three different

concentrations in calf diets and a contxol diet (7

4 Labconco Corporation, 811 Prospect, Kansas City, Mo.
U.S.A. 64132
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treatments in total). The general linear models procedure
of the Statistical Analysis System Inc. (1982) was used.
The Statistical model wused for analyzing the effect of
dietary P on performance and bone characteristics was:
gkl = R F T F AT ¢ W ¢ (T + € ;isx1
Y = dependent variable
}1 = overall mean
T; = effect of the ith dietary treatment
Aﬁ(Ti) = effect of the jth animal within 1th treatment
W, = effect of the Kth period (period 1 = week 0 to 4,
period 2 = week 4 to 10)

(TW);x = The interaction of the ith treatment within the KFh
period |
Q_ ijkl = error term

Type III sum of squares with animal within treatment as
the error term was used to test for significant treatment
effects.

The in situ data was analyzed as a completely

randomized design using one way analysis of varlance.

Duncans multiple range test (p < 0.05) (Snedecor and
Cochran, 1980) was used to determine significant

differences among main treatment effects.



36
Results and Discussion

Growth trial
Dry matter feed intake over both growth periods was not
significantly (p > 0.05) increased when diets were
supplemented with dietary P (Table 6 ; Fig. 2, 3, 4;
appendix Table 1). This is in agreement with the results of
Wise et al. (1958) who observed no significant differences
in feed 1ntake of calves fed 0.22, 0.3 or 0.38% P. Jackson
et al. (1988) however, reported significant increases in
feed intake when dietary P was Increased from 0.24% to
0.34%. A level of 0.41% resulted in no significant
improvement. Similarly, Teh et al. (1982) and Langer et al.
(1985) observed significantly higher feed consumption when
dietary P was increased from 0.24% to 0.30%. When dietary P
was supplied to 0.36% no further Iimprovement occured
(Langer et al. 1985). Even though 1in the present study,
feed consumption was not significantly increased there was
a trend (P = 0.1) towards higher consumption by calves fed
the CM supplemented diets as the P level was increased
from 0.32 to 0.36% (Table 6, Fig. 3, 4). Figures 2, 3 and 4
represent feed consumption for calves supplemented with
phosphorus from CM or Biophos. It appeared that calves
supplemented with CM consumed more than those on the
control or Biophos treatments. At ten weeks there appeared
to be higher DM intake of CM supplemented diets over the

control with an intermediate level for the Biophos



TABLE 6. Effect of dietary P level on performance of male Holstein calves.l
Dietary Treatment
. 0.25% P 0.32% P "0.36% P 0.40% P
Parameter Control Canola Biophos Canola Biophos Canola Biophos t S.E.%
Dry matter intake (g)
0-5 weeks 55.5 (2.9)3 54.1 58.8 56.8 47.5 60.3 51.0 2.6
5-10 weeks 77.7 (2.9) 79.2 81.6 90.5 81.4 91.3 77.4 2.6
0-10 weeks " 133.2 133.3  140.4  147.3  128.9  151.6  128.4 |
Weight gain (kg)
0-4 weeks 17.8 (2.2) 18.2 20.7 19.0 15.7 22.1 14.5 2.0
4-10 weeks- - - 0 26.4 (2.2) 29.7 28.2 31.7 27.8 31.5 27.5 ' 2.0
| 0-10 weeks 44.2 47.9 48.9 50.7 43.5 53.6 41.0
Feed:gain
0-4 weeks 2.87 (6.27) 2.61 2.40 2.68 2.78 2.37 3.19 0.25
0-10 weeks 3.52 (0.27) 3.22 3.37 3.27 3.40 3.37 3.52 0.25
1 reast sguares means. -
2 gtandard error of the mean with six animals per treatment except for the control, which had five animals.

3 Numbers in parenthesis indicate the standard error for the control.

LE
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supplemented diets (Fig. 3, 4). The dally dry matter
intakes over the 4-10 week period (Table 7) were 83 to 91%
of that suggested for 1large breed calves averaging 96 kg
with the rate of gain obtained in this experiment (NAS-
NRC 1988). There were no significant (p > 0.05) differences
in weight gain due to treatment (Table 6; Fig. 5, 6, 7),
although, there tended to be an increase in gain with
increasing dietary P level among the CM supplemented diets
(Fig. 6, 7). This 1is in contrast to the results of Teh et
al. (1982) who reported a significant improvement in total
gain from 34.7 kg to 46 kg over 8 weeks when dietary P was
increased from 0.24% to 0.31%. Langer et al. (1985) also
reported significantly higher average dally gain (ADG) from
0.84 kg/day to 0.94 kg/day when dlietary P 1level was
increased from 0.24 to 0.30. More recently, Jackson et al.
(1988) reported significantly higher ADG from 0.84 to 0.94
kg/day when dietary P was lincreased from 0.26 to 0.34%.
Failure for the treatment differences to be significant may
be due to the high variability (Table 8) in weight gain
among animals and a 1limited number of animals. Field and
Woolliams (1984) using chimaera-derived sheep to minimize
individual variation, were able to show that among four
sets of triplets the efficiency of P absorption varied from
as low as 62% to as high as 84%. The results of this study
‘aze in agreement with those pf Pope et al. (1958) who also

showed no differences in ADG when dietary P was increased



TABLE 7. The actual feed intake and gain of calves averaging a body weight of 96 kg]-

Dietary Treatments
0.32% P 0.36% P 0,408 P
Control Canola Biophos Canola Biophos Canola Biophos

Feed intake kg/day 2.69 2.72 2.82 2.99 2.65 3.02 2.65
Total crude protein g
Consumed 355 394 367 466 360 507 371
Required? 390 478 456 530 435 532 410
Consumed/required (%) 91 82 80 88 83 95 90
und jable i l in g ‘
Consumed 146 165 149 176 147 187 150
Required 362 442 424 491 402 495 379
Consumed/required (%) 40 37 35 36 36 38 40
Dearadable intake protein g
Congumed ’ 209 229 218 290 213 320 221
Required 72 88 85 98 . 80 99 .16
Consumed/required (%) 290 260 256 296 266 323 291
Calcium g/day
Consumed 15.1 14.7 16.2 20.3 15.0 17.0 15.5
Phosphorus g/day
Consumed 6.2 8.0 8.3 10.0 8.8 11.3 9.8
Qailx_sn}n kg
Expectsd 0.83 0.85 0.92 1.01 0.82 1.07 0.81
Actual . 0.81 0.99 0.95 1.01 0.90 1.11 0.85
Actual/expected (%) 98 116 103 109 110 104 105

1 7he average liveweight of calves from 4-10 weeks on test
Requirement for 96 kg calves from NRC 1989 Table 6-2

3 pased on energy consumed using NEm and NEg calculations
Average daily gain from 4 to 10 weeks on test
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TABLE 8. Coefficients of variation of response criteria
used in the study.

Criterion %

Dry matter consumption 9.4
weight gain 20.7
feed/gain 16.5
plasma calcium 13.0
plasma inorganic P 12.9
rib ash 3.8
P in ash of bone 5.6
Ca in ash of bone 5.5

Breaking force 14.5
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from 0.23 to 0.32 and 0.41% with welight gains of 1.0
kg/day. Daily gains in the present trial ranged £from 0.82
to 1.07 for the various treatments with an average of 0.9
kg (Table 7).

There were no significant differences 1in feed:gain
ratio's (Table 6). This i= in agreement with the results of
Webb et al. (1975) who reported no significant difference
in feed:gain ratios when dietary P was increased from 0.1%
to 0.2%. Similarly, Miller et al. (1987) reported no
significant differences in feed conversion efficiency when
dietary P was increased from 0.14, 0.2 and 0.32%. Wise’et
al. (1958) however, reported improved feed:gain ratios when
dietary P was supplemented from 0.14 to 0.22, 0.3 and
0.38%.

The net energy gain content of experimental diets
(Table 3) was higher than recommended by NAS-NRC (1988
table 6-5). Making the assumption that the average calf
welght from 4-10 weeks of the experiment was 96 kg, then
according to NRC (1988 table 6-2) for large breed groﬁing
males the requirement for NEm and NEg were calculated. The
calculated NEm and NEg values for the diets (Table 3) along
with actual intakes were used to compare expected weight
gain (Table 7) vs actual weight gain based on amount of
NEg left for gain after maintenance energy requirements had
been met. Calves on the control dlet gained 98% of expected

while on average the CM calves gained 110% and Biophos
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calves galned 106% of expected, suggesting some advantage
for the P supplemented calves. The assumption was made that
the level of protein 1in the control, 0.32% P-CM diet and
the Biophos supplemented diets was adequate for expected
growth rates. Thomas and Tinnimit (1976) £fed Holstein
calves weaned at about 6 weeks dietary protein 1levels of
10, 12, 14 and 16% (alr dry) from a SBM mixed ration and
reported no significant differences in growth rate among
the 12, 14, and 16% dietary CP levels however, calves fed
10% CP had less gain (154g/day). Jones et al. (1974) fed
Holstein bull calves weaned at four weeks dietary CP levels
of 10, 14 and 18% (DM basis). They also reported
signiflicantly lower average daily gains for the 10% CP diet
but not between 14 and 18%. Ingalls and Devlin (1970) also
reported no significant differences in weight gain or feed
conversion efficiency for dairy heifers fed diets
containing 12 or 15 percent crude protein (as fed basis).
Recent data (Ingalls et al. 1989) with young growing
Holsteln calves fed 13.4 to 16.3% CP (as fed) reported no
significant differences in gain, intake or feed/gain
ratios. These data suggest that protein was not limiting
growth in the present experimeﬁt. Oon average the
supplemented groups gained 8% more than expected (Table 7)
based on calculated NEm and NEg requirements and intake
whereas control calves gained 2% less than calculated. The

actual consumption of crude protein ranged from 80-391%
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(Table 7) of the requirement according to NAS-NRC table 6-2
(1988). Control calves consumed 91% of requirement. With
the increasing supplementation of CM, crude protein
consumption increased from 82% to 95% of the NAS-NRC
requirement and Biophos supplemented calves consumed 80-90%
of requirement. The undegraded intake protein (UIP) is that
protein that escapes rumen fermentation and when digestible
becomes available for absorption by the tissues from the
small intestine (NAS-NRC 1988). The UIP content (Table 3)
of the dlets were calcuiated using NAS-NRC table 7-3
(1988). All the experimental diets were below recommended
NAS-NRC table 6-5 (1988) levels for 3-6 month o014 calves.
Intake of UIP (Table 7) ranged from 35-40% of that
required for 96kg calves using actual weight gains from the
4-10 week period (NAS-NRC table 6-2, 1988) with weight
gains of 98 to 110% of expected based on energy intake and
80 to 95% of expected based on crude protein intake, the
NAS-NRC (1988) values and/or requirement for UIP must be in
error. It 1s possible that since the diets were pelleted
and thus heated there may have been some small increase in
UIP. Unpublished data on a dairy cow grain (Ingalls-
Omole, University of Manitoba, Personal communication)
mixture using the same pelleting procedure would suggest
no change 1in protein degradability with pelleting of the
canola meal supplement. R. Campbell (1990, unpublished

thesis) using a canola meal-barley diets reported calves
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at 100 kg consumed 61% of NAS-NRC (1989) required of UIP on
a calculated basis from NAS-NRC Table 7-3. Actual rumen
degradability data suggested consumption equal to 39.8% of
NAS-NRC requirement suggesting that the calculations for
UIP may be in error. The degraded intake protein (DIP) of
all experimental diets was much higher (Table 3 and Table
7) than NAS-NRC 1588 recommended levels. Degraded intake
protein is broken down in the rumen to give available
nitrogen and an efflux of ammonia. The avalilable nitrogen
may be incorporated into microbial protein whereby the
digestible portion of the bacteria becomes available for
absorption by the lower GI tract.

Dietary P levels had a significant effect on plasma
inorganic P concentration (Table 9). 8Several research
studies have indicated that plasma}inorqanic P levels are
indicative of dietary P 1levels (Arrington et al. 1962;
Hodgson et al. 1948; Long et al. 1956; Teh et al. 1982 and
Wise et al. 1961). The dietary P level before the start of
the experiment was used as a covariate to examine whether
initial blood P levels affected the expression of
treatment differences (Appendix Table 2). There were
significant (p < 0.05) differences due to initial blood P
levels at the start of the experiment (week= 0) but
thereafter differences were not significant. Plasma
inorganic P levels appeared to decline during the initial

two weeks for calves on all treatments (Fig. 8, 9, 10).



TABLE 9. Effect of dietary phosphorus level on the concentration of calcium and phosphorus in blood plasma.1
Dietary Treatment

0,25% P 0.32% P 0.36% P 0.40% P
Parameter Control Canola Biophos Canola  Biophos Canola Biophos + S.E.2
Plasma P mg/100 ml
0-4 weeks 9.184 (0.37) 10.02¢ 10.3€ 10.68°  9.79¢ 11.498  9.87°° 0.34
4-10 weeks 8.294 (0.37) 9.20¢ 9.3¢ 10.69>  10.22¢ 11.948 10.57°°¢ 0.34
0-10 weeks 8.73 9.61 9.79 10.69 10.09 11.73 10.22
Plasma Ca mg/100 ml
0-10 weeks 11.1 (0.27)%° 11,62 11.23P  11.13P  10.50  11.1%%  10.4b 0.25

1 reast squares means.

2 gtandard error of the mean with six animals per treatment except for the control, which had five animals.

abc Means within the same row with different letters are significantly different (P<0.05).
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‘Wise et al. (1958) with no depletion period also observed a
decline in serum inorganic P concentration from an initial
value of 7mg/100ml with P intakes considered adequate.
Miller et al. (1987) at. the begining of a four-week
depletion period reported an a§erage serum inorganic P
level of 5.6mg/100ml which had declined to 2.8 at the end
of the depletion period with a diet containing 0.08% P. In
the present study the average initial plasma inorganic P
levels for all treatments was 13mg/100ml. This high initial
level of P may have been due to the P rich diets fed to
the calves before the start of the experiment. Some
research studies on availability of P have been conducted
with a preliminary depletion period where a very low P diet
was fed prior to initiating the experiment so that body P
stores would be depleted. Langer et al. (1985) conducted a
study without a depletion period whereas Teh et al. (1982)
had a two week deplétion period where a 0.16% P diet was
fed yet conclusions drawn from both studies were similar.
Plasma inorganic P concentrations were significantly (p <
0.05) increased for the CM supplemented diets with each
increase in P level to 0.40% but only significantly
increased to 0.32% with the inorganic source (TableIS). The
plasma P 1levels continued to increase with the higher
levels of Biophos for the 4-10 week data but the
differences were not significant (p > 0.05). Ternouth and

Serville (1983) and Milton and Ternouth (1985) reported
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that dry matter intake and thus quantity of P consumed was
- directly related to plasma inorganic P levels. The obéerved
trend towards higher feed consumption (Table 6) with the CM
supplemented diets as dieté?y P was increased to 0.4% may
explain the slightly higher plasma P levels for calves on
the CM diets compared with those receiving the Biophos
supplemented dliets. Dietary P consumption (Table 7) by
calves on the CM vs Biophos diets would tend to support the
above.

The average plasma calcium concentration was not
significantly (p > 0.05) affected by dietary P levels
(Table 9; Fig. 11, 12, 13) except for the lower (p < 0.05)
plasma calcium levels of calves fed the Biophos 0.36% P and
0.40% P diets compared with calves fed the .32% P canola
meal diet. The calcium consumption (Table 7) however was
not different and no explanation can be provided for
significantly lower blood calcium values observed.

The breaking strength of the eighth and ninth =ribs were
not significantly different (p > 0.05) among treatments
(Table 10). However, with the eighth fib and ninth rib
canola diets (p = 0.1) there was a trend towards a higher
breakiné strength with P supplemented diets. These results
support those of Teh et al. (1982) who reported
significantly higher breaking force in eighth and ninth rib
bones of dairy calves fed 0.31% as compared to those fed

0.24% P. Similarly, Jackson et al. (1988) observed that
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TABLE 10. Effect of dietary phosphorus on the breaking force, bone ash, bone calcium and bone phosphorus of the
eighth and ninth ribs of male Holstein calves.

Dietary Treatment

0.25% P 0.32% P 0.36% P 0.40% P
Parameter Control Canola Biophos Canola Biophos Canola  Biophos + S.E.2
Breaking force, N3 (
Eighth rib 163.1 (12.6)4 187.5 218.9 246.4 213.6 236.0 198.2 11.5
Ninth rib 151.0 (12.6) 159.5 151.5 214.7 178.1 212.3 155;8 11.5
X 157.1 178.5 185.2 230.6 195.9 224.2 177.0
Bone ash, %
Eighth rib 49.0 (0.81) 48.7 47.4 47.4 46.4 46.2 45.7 0.75
Ninth rib 48.5 (0.81) 46.5 47.5 46.2 46.7 46.0 . 46.6 . 0.75
X 48.8 47.6 47.5 46.8 46.7 46.0 46.6
P in ash, % eighth rib 8.9 (0.23) 9.0 9.0 9.0 9.2 9.5 9.6 0.21
P in ash, % ninth rib 9.4 (0.23) 9.3 9.2 9.4 9.4 9.2 9.4 0.21
X 9.2 - 9.2 9.1 9.2 9.3 9.4 9.5
Ca in ash, % eighth rib 17.5 (0.45) 17.4 18.2 17.9 19.0 19.2 18.6 0.41
Ca in ash, % ninth rib 17.7 (0.45) 18.1 17.6 17.9 17.7 17.8 18.4 0.41
X 17.6 17.8 17.9 17.9 18.4 18.5 18.5

1 Least squares means.
2 standard error of the mean with six animals per treatment except for the control, which had five animals.
3 N = Newton where 1N = 10 kg.

,4 Numbers in parenthesis indicate the standard error for the control.
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increasing dietary P £from 0.26 to 0.34% significantly
increased the bending moment of the tibia and ninth rib. No
further increase occurred when P was supplemented to 0.41%.

No significant (p > 0.05) effect of dietary P on rib ash
percentages were observed in both the eighth and ninth ribs
(Table 10). No significant (p > 0.1) rib and dietary P
interaction occurred indicating that the response to
dietary P was similar for both the eighth and ninth ribs.
In a study by Little (1984) animals were slaughtered and
dissected and total body P measured among muscles, viscera,
blood, skin, sternum/coastal cartilage, appendicular, axial
and rib bones. They reported the rib was the most
responsive to P deficiency since the concentration of P in
total fresh rib was 5.4% and 4.5%—for the diets designated
as high and low respectively. There were no significant (p
> 0.05) differences among treatments in bone ash, bone
calcium and bone P (Table 10). This is consistent with the
results of Wise et al. (1961) and Miller et al. (1987). Teh
et al. (1982) however, reported significantly higher bone
ash content when dietary P level was increased from 0.24 to
.0.31% even though bone calcium and bone P were not
different. Wise et al. (1958) also reported a significant
increase in bone ash content of the ninth rib when dletary
P was increaséd from 0.14, 0.22 to 0.30%. No further
improvement occurred at a supplementation of 0.38%. These

results are in agreement with those of Jackson et al.
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(1988) who reported a significant increase in bone ash and
bone P ;ontent of the seventh and tenth rib as dietary P
was increased from 0.24 to 0.34%. Supplementation to 0.41%
resulted in no further' improvement. No significant
difference in bone calcium however was observed. The
failure for the treatment differences to show significance
for the breaking force of the eighth rib may have been due
to the high individual animal (Table 8) variation (c.v.=

14.5%).

rement of h aran

Phosphorus disappearance from CM and SBM measured using
nylon bags éuspended in the rumen was significantly (p <
0.05) higher £for SBM than for CM samples B, D and E at 12
and 16 h of incubation. Alfhough, a lower level was found
for samples A and C, they were not significantly different
from SBM (Table 11, Fig. 14). The degradation of DM at 12 h
was ndt' different (p > 0.05) for SBM and CM samples
(Appendix Table 5). Disappearance of DM (Kendall 1988) for
CM samplés Band D was less (p < 0.05) than that of CM
sample C (40 and 37 vs 47%). This trend was also noted for
P (Table 1l1). Differences in processing techniques of the
CM samples may affect degradability in the rumen, since
the samples were obtained from five different processors.
Although; direct comparisons cannot be made since the 12 h

and 16 h trials were carried out on different days more P



TABLE 11 Rumen, lower gastrointestinal tract, pepsin digestion and total gastrointestinal tract in situ phosphorus

disappearance (%).

no pepsin & HCl1l digestion.

Parameter A-CM B-CM D-CM E-CM F-SBM + S.E.
Rumen incubation

12 h 52.5ab 42.3bc 50 .0ab 36 .4€ 46 .gbc 60.22 1.39
16 h 77.52 65.3b 69.7ab 66 .50 63.9P 77.34 1.23
Lower GI tract?

.12 h rumen'incubaﬁion followed by 89.7 93.7 89 .4 90.2 90.2 88.9 1.32
pepsin & HC1l digestion. ‘

Pepsin digestibility3 83.6 80.9 73 .4 72.7 78.8 86.0 '1.47
16 h rumen incubation and 79 .4b 78.7b 76 .8b 76.3b 76 .1b 91.03 1.22
no pepsin & HCl digestion.

Total GI tract

12 h rumen incubatioﬂ followed by 95.2 96 .3 94 .7 93 .7 94.7 95.6 1.04
pepsin & HCl digestion.

16 h rumen incubation and 95.3b 92.6b 92.9ab 92 0b 91 .4b 97.92 0.86

1l gtandard error of the mean.

phosphorous disappearance from rumen fermentation residue

3 § of rumen digested by pepsin

a,b,C Means within the same row with different subscripts are significantly different (p < 0.05).
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disappeared at 16 h of rumen incubation as one would
expect. Ha and Kennelly (1984) reported significant
differences in DM disappearance between CM and SBM‘(57.7%
_and 51.9% respectively) whén incubated in the rumen for 12
h. At 24 h of incubation there were no significant
differences between  SBM and CM (74.1% and 70.6%
respectively).

The digestion of P from rumen incubated samples in the
lower GI tract was not significantly (p > 0.05) different
for SBM and CM at 12 h for samples predigested with 1%
pepsin-HCl prior to insertion into the duodenum (Table 11;
Fig. 14). Kendall (1988) using similar CM samples reported
no significant differences in lower tract DM disappearance
among canola meal sample at 12 h of rumen incubation and
all CM samples resulted in less DM disappearance than SBM
(Appendix Table 5). With no pepsin-HCl predigestion of the
16 h rumen incubated samples, P disappearance in the rumen
was higher (p < 0.05) for SBM than all the CM samples in
the lower GI tract. There was a similar trend for DM
disappearance but canola meal sampie B. was lower (p <
0.05) than that of canola meal samples D and E (Appendix
Table 5). Phosphorus disappearance appéared higher than
that of DM especially for the 16h incubation period. The
levels of P and DM disappearance appeared to follow similar
trends among the CM and SBM samples.

The total tract digestion of P was not significantly
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different (p > 0.05) for.SBM and CM for those samples
predigested with pepsin-HCl prior to insertion into the
duodenum (Table 11; Fig. 14). At 16 h of rumen incubation
without pepsin-HCl digestion, total tract P digestibility
was significantly (p < 0.05) higher for SBM than for the CM
samples B, C, D, E (Table 11). The values for the 12 h
rumen incubation samples for "true" disappearance of P
compared well with the results of Preston and Pfander
(1964) who reported apparentr digestibility of P in
dicalcium phosphate of 90-93%. Lofgreen et al. (1952)
reported true digestibility of P in casein by young calves
to be 94%.
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SUMMARY

A growth trial with young rapidly growing calves was
used to evaluate the availébility of P from CM relative to
Biophos. Dry matter consumption was not significantly
increased with 1increasing supplémentatiqn of dietary
phosphorus from either source, although a trend towards
increased consumption with supplementation of CM diets from
a dietary 1level of 0.32 to 0.36% was observed. There were
no significant increases in weight gain due to increased
sﬁpplementation with P; however, a trend towards higher
gain among CM supplemented diets was observed. The plasma
inorganic P concentrétion was significantly increased up to
0.40% P with increasing levels of P from CM and up to 0.32%
P with Biophos supplementation. If blood plasma inorganic P
levels are taken as a measure of dietary P availability
then the availability of P from CM was at least equal to
that of the inorganic source. ,

No slgnifiéant effects (p > 0.05) of dietary P levels on
rib ash, bone calcium and bone phosphorus percentage were
observed. The breaking force of the eighth and ninth ribs
were not significantly (p > 0.05) affected by dietary P
supplementation. There was a trend toﬁards a higher
breaking force for the CM supplemented diets up to a
dietary level of 0.36% for the eighth rib bone, which

seemed to indicate the absorbed P was being deposited in
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bone. In situ phosphorus disappearance from the rumen was
significantly higher for SBM than for three of the five CM
samples at 12 h and 16 h o§ rumen incubation.

The 1in situ phosphorus disappearances from CM in the
lower GI tract appeared to be reduced when the samples were
not predigested with pepsin-HCl. This was not true for SBM.
The in situ P disappearance from the total tract was not
significantly different between SBM and CM when pepsin-HC1
digestion was used. These data 1indicate that the higher
concentration of P in CM is digested equally as well as

that in SBM.
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CONCLUSIONS

on the basis of plasma inorganic phosphorus
concentrations, phosphorus availability from canola meal

is at least equal to that of Biophos.

. The total gastrointestinal tract availability of

phosphorus from 5 different canola meal samples was
equal to that of a soybean meal sample as measured by
the mobile nylon bag technique when samples were

digested with pepsin-HC1l prior to entering the

gastrointestinal tract.

. Recommendations for future research 1include a longer

experimental period of 14-16 weeks so that perhaps some

differences may be manifested.
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Appendix Table 1. Average daily protein intake, dry matter intake and gain for the experimental diets.

Dietary Treatments

0,32% P 0,36% P 0.40% P
Parameter Control Canola Biophos Canola Biophos Canola Biophos
Daily CP intake, g
1-10 weeks 295.0 301.4 282.8 351.1 270.0 387.1 277.1
Daily gain, ¢
0-10 weeks 631.4 684.3 698.6 724.3 621.4 765.7 600 .0
Daily DM intake, kg

1-10 weeks 1.90 1.90 2.01 2.10 1.84 2.17 1.83

18




Appendix Table 2.
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The analysis of covariance for plasma inorganic
phosphorus concentration using initial blood

phosphorus levels(halftst) as the covariate

vELK+0
CENERAL LINEAR WOOELS PROCLOURE

SUM OF SQUARES WEAN SQUARC € valut
29.29514570 4. 19930653 2.56¢
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Tvee 1SS f varue R > ¢ of

$6.04%507049 3.14 0.0186 s

0.00007298 0.00 0.9961 t
VEEK 10

GENERAL LINCAR WODELLS PROCEDURE

SUM OF SOUARES HMEAN SOUARE ¢ vaug
€5.4828005% 9.354¢a878 s.27
$3,22991327 1.77433244
T18.71277382

tvee 1 s F ovaLut Pa > 7 of
€9.41391047 .13 ©.0003
Q.06208212 Q.0¢ 0.8519

Pa > f &-SOUARE c.v.
0.024% ©0.373978 10.951¢
ROOT KSE PLP KEAN
1.28070364 11.69444368
TYPE 111 SS ¥ vaLue PR > F
13.02019916 1.32 0.2716
11.1895498 €.79 0.0141
PR > F R=50UaRE <.V,
0.0107 0.432223 13,4108
Q00T MSE PLP MEAN
1,455770%4 $.4464105)
TYPE 111 SS £ oVaLUE PR > ¢
46.02741908 3.62 0.0081
8.93453601 «.22 9.0489
P> ¥ Q-50uUARC c.v.
Q.0184 Q.406114 17.0993
00T MSE PLP MCAN
1.24277333 9.48732632
TePe 111 SS f vaLue PR >
J1.8115629¢ J.41 0.0110
0.586619356 Q.98 0.542¢
PR > f R-SQUARE C.v.
0.0144 ©.419126 15,4364
ROOT MSE PLP HEAN
1.47370762 #.5593302¢
TYPE It SS F vaLuc R > F
46.61042046 3.58 ©.0086
0.4822133% 0.32 0.6409
R > F ReS0UARE c.v.
0.0273 0.385455% 16.7828
RQOT WSE PLP MLAN
1.72982113 10.7833181¢
TYPL 111 SS FovALUE e > £
$5.0858 1004 J.08 0.0180
0.00007238 Q.00 0.996%
ea > F R=50UARE c.v.
0.000% 0.551607 12,6435
ROOT MSL PLP M{AN
1.33204071 10.53%410%)
TYpe 111 8% Fovalut P > f
€).8270735¢ S.9¢ Q.00Q3
0.06288212 Q.04 0.8519
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Appendix Table 3. The net energy, undergradability and calculations of the undegradable and degradable protein
contents of ingredients used in the experimental diets on an as fed basis.
Under- Control

NEm NEg Protein fed g;adabilityl protein uIp protein uIP
Ingredient MCal/kg McCal/kg % % kg kg kg kg
Alfalfa dehydrated 1.24 0.71 16 59 6 566 6 566
Beet pulp 1.71 1.13 7.8 45 23 .807 23 .807
Brewers dried grains 1.4 0.85 27.9 49 8 1.094 8 1.094
Corn starch 2.2 1.52 0.6 - 30.6 - 26 -
Corn grain 1.87 1.27 8.7 52 15.7 .710 15.7 .710
Molases cane dried 1.52 0.96 - - 3.0 - 3.0 —
Soybean meal 1.89° 1.28 48 35 11.7 1.966 11.7 1.966
Urea 281 0 0.44 0 0 —
Fat 5.81 5.81 . 5.81 0 0 0 0 0.6 -
Canola meal 1.58 1.01 36 28 0 0 5.0 .504

240 Canola
protein UIP protein uIp protein gI1pP protein UIP protein UIP

Ingredient (continued) kg kg kg kg kg kg kg kg kg kg
nlfalfa dehydrated 6 .566 6 .566 6 .566 6 .566 6 .566
Beet pulp 23 .807 23 .807 23 .807 23 .807 23 .807
Brewers dried grains 8 1.094 8 1.094 8 1.094 8 1.094 8 1.094
Corn starch 30 - 21 - 30.4 - 15 - 30.2 -
Corn grain 15.7 .710 15.7 .710 15.7 710 15.7 .710 15.7 .710
Molases cane dried 3.0 - 3.0 —-— 3.0 - 3.0 - 3.0 -
Soybean meal 11.7 1.966 11.7 1.966 11.7 1.966 11.7 1.966 11.7 1.966
Urea .44 - - - .44 - - - .44 -
Fat - —_ .06 - - - 1.71 - - -
. Canola meal - - 10.0 1.008 - - 15.0 1.512 - -

1 NRC 1988 Table 7-3
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Appendix Table 4, Diet calculated protein intakes, experimental and actual dailvaeight gains.

Dietary Treatments

0,32% P 0.36% P 0.40% P
Control Canola Biophos Canola Biophos Canola Biophos

Daily intake (kg as fed) . 2.69 2.72 2.82 2.99 2.65 3.02 2.65
Intake required for maintenance? (kg) 1.45 1.48 1.45 1.48 1.44 1.47 1.45
Intake remaining for growth (kg) 1.24 1.24 1.37 1.51 1.21 1.55 1.20
Calculated daily gain? (kg) 0.83 0.85 0.92 1.01 0.82 1.07 0.81
Experimental daily gain (kg) 0.81 0.99 0.95 1.10 0.90 1.11 0.85
Protein:

Calculated? (%) 13.2 14.5 13.0 15.6 13.6 16.8 14.0
Determined (%) 14.3 15.8 14.1 16.7 14.7 17.9 15.1
Average intake (kg) 15.8 16.6 15.4 19.6 15.2 21.3 15.6
NRC requirement 16.4 20.1 19.1 22.3 18.3 22.3 17.2
Calculated intake UIP® (kg) 6.1 6.9 6.3 7.4 6.2 7.9 6.3
NRC requirement (kg) 15.2 18.5 17.8 20.6 16.9 20.8 15.9
Calculated intake DIP® (kg) 8.8 9.6 9.2 12.1 8.9 13.4 9.3
NRC requirement DIP (kg) 3.0 3.7 3.6 4.1 3.4 4.2 3.2

Appendix Table
Appendix Table 3, Table 3.
Appendix Table 3, Table 3.

AU W

Diet calculated dry matter intake for 4
Diet calculated NEm concentration (Table 3, Appendix Table 4).
Diet calculateq}NEG concentration (Table 3, Appendix Table 4).

~-10 weeks of the experiment (Appendix Table 2).

Average weight of 96 kg used 1988 revised NRC.
Average weight of 96 kg used 1988 revised NRC.
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Appendix Table 5., Comparison of an in situ dry matter and phosphorus disappearance at 12 and 16 hours of rumen

incubation
Canola meal samples 2
A B c D E SBM
Rumen incubation? A
12 h :
Phosphorus 52.5ab 42 .3bc 50.03ab 36 .4€ 46 .8bc 60.28
Dry matter 43 zab 40 ]b 46 Qa 37 ﬁb 41 gab 42 gab
Difference 8.8 2.2 3.1 -1.8 5.4- 17.4
16 h )
Phosphorus 77.52 65 .30 69.73b 66.5P 63.9b 77.32
Dry matter . . 56,63b 54,83b 5g.5ab 52,1b 56,5ab 62.32
pifference : 20.9 10.5 11.2 14.4 7.4 15.0
Lower GI tract
12 h
Phosphorus 89.7 93.7 89 .4 90.2 90.2 88.9
Dry matter 51.8P 56 .60 58.8b 62.0P 48.0P 82.02
16 h .
Phosphorus 79.4b 78.7P 76 .80 76 .3P 76.1 91.02
Dry matter 39.0bc 29.6€ 37.2b¢ 46.4b 41 .6b 84 .59

1 pM disappearance from Kendall (1988)
2 these data were collected from the same animals at the same time
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